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Black symbols - finelr (PHBV1) 
Gray symbols = branched (PHBV6) 
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Fig. 4 Effect Of branching on the shear viscosity {circles) and the elengatlonil viscosity (triangles), as 
measured In a capillary rheometef. The elongations! viscosity was determined from the entrance pressure 
drop using Cogswell's analysis (capillary data). 



Processing ChsrmeterisUcs oFPHAs 



PHAs, 

are difficult to process because of their 
relatively low dewroposltion temperatures 
(140-170 °C) near their melting points, low 
melt strength, their slow crystallization rates, 
etc Because of thermal degradation in the 
melt, the melt flow Index can change rapidly 
with time sod *olatfle decomposition prod- 
ucts must be handled safely. The slow 
crystallization rates lead to tacky products 
(eg. fibers, films, molded articles) which 
adhere to themselves and the process equip- 
ment Products produced by thermal process- 
ing undergo embrhtlement with time (aging). 
Various ar^rr«*ches such as use of nucleating 
agents, plajtkjzert, branching, blends, etc., 
have been taken to overcome the processing 
and product difficulties and shortcomings. 



Effect of Nucleating Agents 

PHAs from biological sources can be of very 
high purity. As a result, Poh/(3HB) melts 
may undergo homogeneous nucleation, but 
the nucleation density for Poh/(3HB) Is 
orders of magnitude less than for polyethy- 
lene and polypropylene. However, the 
growth rate, once nucleated, is similar to 
polypropylene, nylon 6 and PUT. The low 
rate of nucleation in Poiy(3HB) leads to 
development of large ipherulltes within the 
Poly(3HB). The large spherulltes can sig- 
nificandy reduce the physical and mechan- 
ical properties of the polymers. 

The overall rate of cryr^allization can be 
increased by the use of nucleating agents 
which promote crystallization of the molten 
or glassy resin by increasing the number of 
nuclei within the PorypHB). The increased 



number of nuclei leads to smaller diameter 
spherulites, a more rapid loss of tackiness, 
and concurrent increase in mechanical 
strength and reduced cycle times in thermal 



be tested using DjSG As the molten polymer 
is cooled at a constant rate, an exomerm is 
produced as the polymer crystallizes. The 



occurs, the area of me peak, and the peak 
sharpness give an indication of the crystal- 
lization behavior of the material. Addition of 
a nucleating agent generally causes an 
increase tn the crystallization peak and die 
peak area. | Effective nucleating agents in- 
clude saccharin and particulates such as talc, 
micronlzed mica, boron nitride (BN), chalk, 
caldum hydroxyapatite, and calcium carbo- 
nate (Webb, 1998). Btf is commonly used as 
the nudeant for Poly(3HB) and other FHAs. 



Saccharin (T m -226 *C) can nucleate Po- 
ly(3HB) when added to the melt due to 
epitaxial growth on its surface (Bar ham, 
1984?. The nucleating effect of saccharin is 
due to adsorption of molecules onto the 
surface in what is dose to their aystaQo- 
graphic form. 

Technical grade NH 4 Q incorporated as an 
aqueous solution is found to be a more 



Poh/(3HB) aeed crystals were used to 
nucleate crystallization of Poly(3HB-co- 
12%3HV) (T m =149.9 *C). At 5% of Poly- 
(3HB) seed crystals, the crystallization tem- 
perature (Tj was 88.7 "C and heat of 
crystallization <HJ was 45.7 J g" 1 . At 
1 pJxx of Poly(3HB) seed crystals, the % 
was 70.3 'C and H t was 41.9 J g-\ Without 
the Poh/(3HB} aeed crystals, no T, was 
observed (Uggat,l994d). 

Cydohexyl phc 



and 0.385 pJtr, ZS were added, to a Po- 
ly(3HB-eo-22%3HV) polymer and compared 
with Poly(3HB-<»-22%3HV) containing 
lp4t,r BN at a T e of 80 °C, the half- 
crystallization time and' the half-heat of 
crystallization peak were similar for CPA/ 
ZS andBN; 1.26 and 1.39nim and 19,85 and 
19.26 J g"\ respectiver/. Ata T t of 50 «C, the ■ 
halfaystallizaticm time for CPA/ZS was 
0,40 versus 3.91 min for BN and the half-heat 
peak was 47.09 versus 11,73 J gr». Thus at 
lower r«s, CPA/ZS yields sigrufic^ntly taster 
crystallization rates with improved eriergie* 
of crystallization. With high 3HV containing 
polymers it should be possible 1 to \&e lower 
mold temperatures and shorter cycle times 
with CPA/ZS. However, for low 3HV con- 
taining polymers, both types of nudeant 
yield similar crystallization rates (Herring 
and Webb, 1990). 



pounds having at least two phosphouic add 
groups Such as 1-hydraxyethylidene diphos- 
phonic add (HfiDP) have been shown to 
serve as nucleating agents and giro products 
with excellent clarity For example, a Pol* 
y(3HB-eo-3%3HV) copolymer containing 
0.2 p.hx HBDP showed a T, of 78 *C and 
an H c of 55 J g->. A combination of HBDP 
with Ca or Mg stearate has also been shown 
to be an- effective nucleating agent A 
Paly(3HB<o-8%3HV) copolymer contain- 
ing aipJix HBDP and 0.3 p.h£ calcium 
or manganese stearate had a T e of 72 *C and 
an ff e of 51 and SOJg" 1 , respectively, 
compared to a T ( of 56 °C and an H s of 
ISJr* Poly(3HB-co-8%3HV) alone 
{Asiar and Pierre, 1999). 



add (CPA) and 
zinc stearate (ZS) mixtures are more effec- 
tive nucleating agents than BN for Fol- 
v(3HB< o-3HVl copolymera with high 3HV 
contentl For example, when 0.10 P-h-r. CPA 



The use of monomerie and polymeric plas- 
tidzers in PHAs to impart properties and 
impede loss of properties by secondary 



